Abstract. In this study, the impact responses for GFRP type C-600 and GFRP type E-800 have been investigated. Impact tests were performed using a drop weight tester, IMATEK IM10T with eight different levels of energy ranging from 6 J to 48 J. The variation of impact characteristics such as peak displacement, peak force and energy absorbed versus impact energy and damaged area were investigated. From the experimental studies, it can be concluded that for each type of GFRP, the impact energy showed excellent correlation with the impact characterization and the damaged area. The difference in the thickness and mechanical properties for both types of GFRP do affect the impact characterization and the damaged area of the specimens tested. It can be concluded that GFRP type E-800 is higher in strength compared to GFRP type C-600.
Introduction
Composite materials have been extensively used for a variety of structural applications because of their high specific strength and stiffness compared with metallic materials. Glass fibres are broadly used as reinforcement in the production of composite materials meant for different types of industrial applications [1] . Several real life situations like dropped tools, bird strikes and runaway debris can cause possible damage to the composite structures. Low velocity impact is considered dangerous since the damage caused might be invisible as the surface may appear to be undamaged.
In the research presented here, a drop weight tester was chosen for the low velocity impact testing. One of the advantages of this test compared to the Charpy and Izod tests is that a wider range of test geometries can be tested, thereby enabling more complex components to be tested. In low velocity impact testing, the most common impactor shape used is hemi-spherical. Although testing is generally undertaken using a hemi-spherical impactor, it is possible to use other impactor shapes such as blunt cylinders or sharp points [2] . Mitrevski et al. [3] state that blunt hemispherical impactor produced the largest peak force and the highest damage threshold load compared to other types of impactor.
Previous studies have revealed that the impact characterization of a material can be affected by varying impact energies. Sultan et al. studied the impact damage on Carbon Fiber Reinforced Polymer (CFRP) by varying the impact energies of the impactor [4] . Impact Energy (E I ) can be defined as the kinetic energy of the impactor just before the contact impact takes place while the absorbed energy (E b ) is defined as the amount of energy absorbed by the composite specimen at the end of the impact event [5] . The energy absorbed by the specimen can be calculated by calculating the area under the curve for the force-displacement curve.
GFRP is widely used in aircraft structures such as rotor blades for rotary winged aircraft (helicopters), propellers for fixed wing aircraft (airplanes) and interior aircraft surfaces [6] . The present study aims to compare the impact characterization and the impact damage of woven GFRP type C-600 and GFRP type E-800 laminates. Mechanical properties for both materials are shown in Table 1 . GFRP type C-600 will experience more damage compared to GFRP type E-800 because GFRP type E-800 is stronger than GFRP type C-600. GFRP type E-800 has a higher value of Young's Modulus and tensile strength compared to GFRP type C-600. The impact testing presented in this study is performed by single impact on the specimens at varied impact energies from 6 J to 48 J. The low velocity impact responses of the samples were investigated at different impact energies in order to evaluate the capabilities of laminates to dissipate the impact energy [7] . The effects of GFRP type on the peak displacement, the peak force and the absorbed energy versus the impact energy were investigated and the damaged area of the specimens was observed.
Experimental Setup
Specimen Preparations. The composite materials chosen are Glass Fibre Reinforced Polymer (GFRP) types C-600 and E-800. The materials were fabricated using a hand lay-up technique with the aid of rollers. The process of preparing the compound is based on a 2:1 ratio: that is 2 portions of epoxy to 1 portion of hardener. The epoxy and hardener used are from types Zeepoxy HL002TA and Zeepoxy HL002 TB. The curing process was carried out at room temperature for 48 hours. The stacking sequence consists of 12 layers, yielding a total thickness of 7.0 (±0.1) mm for GFRP type C-600 and 8.0 (±0.1)mm for GFRP type E-800. The laminates fabricated were cut into coupon size with dimensions 100 mm × 152.4 mm as per the Boeing Specification Support Standard BSS 7260 using a CNC Router Machine. A total of 24 coupons were tested for each type of GFRP.
Impact Test Configurations.
The Drop Weight Impact test was performed using IMATEK IM10T at International Islam University Malaysia (IIUM), and this was integrated with a data acquisition system to acquire the impact results data as shown in Fig. 1 . The impactor was 0.787 kg in weight and had a hemispherical geometry in shape, having a tip radius of 5 mm as shown in Fig. 2 . The total drop mass is 8.891 kg. The low velocity impact tests were carried out at 6, 12, 18, 24, 30, 36, 42 and 48 J of impact energies. For each type of energy, three samples were tested respectively to obtain data repeatability. 
Results and Discussion
Impact tests were carried out considering not only the material of the sample but also the impact energy as variables. The tests were carried out at 6, 12, 18, 24, 30, 36, 42 and 48 J of impact energy
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AEROTECH V: Progressive Aerospace Research levels. In order to obtain these energy levels, the height from which the impactor should be released was calculated theoretically. The drop mass was 8.891 kg and the impact energy of the drop was obtained using Eq. 1 [8] : = . . ℎ.
(1) It was found that the height should be 0.069 m for an impact energy of 6 J. For 12, 18, 24, 30, 36, 42 and 48 J, the corresponding height for the impactor to be released was 0.138, 0.206, 0.275, 0.344, 0.413, 0.482 and 0.551 m. Eq. 1 shows that the drop height increased with increasing impact energy. The impactor mass together with the height of drop determines the energy of the impacts. The specimens were impacted at the midpoint using a hemispherical shaped impactor.
The initial velocity of the impactor, ν, can be calculated using
. Sjoblom et al. [9] and Shivakumar et al. [10] defined a low velocity impact as an event which can occur in the range 1-10 m/s depending on the target stiffness, material properties and the impactor mass and stiffness. Fig. 3 illustrates the peak displacement-energy diagram for GFRP type C-600 and E-800. Peak displacement increases with increasing impact energy values for both types of GFRP. GFRP type C-600 has highest peak displacement for all energy values tested for both types of GFRP. At 48 J, GFRP type C-600 has the highest peak displacement, 6.557 mm compared to GFRP type E-800, 5.037 mm. Although the number of layers for both GFRP type C-600 and GFRP type E-800 are the same, their specimen thicknesses were different. GFRP type E-800 has higher strength compared to GFRP type C-600.Therefore, it can sustain higher impact energy compared to GFRP type C-600. Peak displacement indicates maximum deflection of the specimen. It implies that there is a higher amount of damaged fibres due to increased impact energies. Therefore, it can be concluded that GFRP type C-600 had experienced more damage compared to GFRP type E-800. Fig. 4 represents the relationship between impactor energy and the specimen's peak force for GFRP type C-600 and E-800. It is clearly shown that GFRP type E-800 had a higher peak force for all tested energy values compared to GFRP type C-600. Previous Fig. 3 shows that GFRP type C-600 has a higher peak displacement compared to GFRP type E-800. This shows that the peak force decreases as the peak displacement increases. For a fixed displacement, an increase in specimen thickness resulted in an increase in contact force [11] . GFRP types E-800 were thicker compared to GFRP types C-600 even though the numbers of layers for both materials were the same.
The variation of the absorbed energy versus the impact energy, known as the energy profile diagram, is shown in Fig. 5 . The energy profile is a useful graphical method for understanding the overall energy absorption process in an impact event. Shape of energy profile may be influenced by the constituent material, the geometrical arrangement of the fibres, the specimen thickness and the shape of the impactor [5] . 5 indicates the relationship between the energy absorbed and the energy provided for the impactor. The absorbed energy was obtained by calculating the area under the graph of forcedisplacement. It is shown that as the impact energy increased, the energy absorbed increases because the Young's moduli of the GFRP laminates increases. At 6, 12 and 18 J, the energy absorbed by both 12L C-600 and 12L E-800 was almost the same. At 24 J until 48 J, the energy absorbed by GFRP type C-600 was higher than the energy absorbed by GFRP type E-800. A qualitatively similar correlation between E I and E b was found by Sutherland et al [12] . Sikarwar et al [13] states that as the laminate thickness increases, the resistance offered by the laminates in delaminations increases and absorbs more energy in delaminations mode. The authors carried out impact tests on GFRP laminates made of different woven roving architectures, thicknesses, and resins. When energy absorbed was plotted against impact energy, a bi-linear trend was observed.
Sutherland et al. [14] have shown that there are generally three main 'regimes' of impact behaviour: un-delaminated, delaminated and fibre damage. There are many different damage modes such as matrix cracking, matrix degradation, permanent indentation, internal delamination, partial surface micro-buckling delamination of the upper 'front-face' laminate, front-face fibre damage, fibre damage on the lower 'back-face', and perforation. Fig. 6 shows that as the impact energy increases, the area of delamination also increases. Fig. 7 shows that the delamination area increases from 6 J to 30 J, but the delamination area starts to decrease at 36 J to 48 J.
A circular, internal delamination occurs for specimens impacted at 6 J for both types of GFRP. A small permanent indentation occurs under the impactor. As the impact energy increases, the internal and front-face delamination areas increase, while the permanent indentation becomes more severe. For both types of GFRP, specimens that are damaged by 30 J to 48 J impact energy, matrix cracks were observed on the damaged surface and delaminations in the cross-section and on the inner surface of the specimens. Comparing Fig. 7 and Fig. 6 , GFRP laminate type E-800 has experienced less damaged area for all tested energy values, compared to GFRP type C-600. This indicates that GFRP type E-800 is higher in strength compared to GFRP type C-600. 
Conclusions
In this study, the variations of impact characterization and damage area of Glass Fiber Reinforced Polymer (GFRP) type C-600 and E-800 were investigated. The impact energy varies from 6 J to 48 J. The drop mass was 8.891 kg and it had a hemispherical geometry in shape, having a tip radius of 5 mm. From the experimental studies, it can be concluded that, for each type of GFRP, the impact energy showed excellent correlation with impact characterization and damaged area. As the impact energy increased, all of the impact characterization such as the peak displacement, the peak force and the energy absorbed also increased. For the same impact energies, GFRP type C-600 had the highest peak displacement compared to GFRP type E-800 because GFRP type E-800 was thicker than GFRP type C-600. GFRP type E-800 had the highest peak force compared to GFRP type C-600 for all impact energies. The impact energy was not high enough to infiltrate full penetration because the impactor rebounds. The damage area for the specimen was examined using the naked eye and shows that GFRP type C-600 experienced more damage compared to GFRP type E-800 as the damaged area is larger. However, more accurate failure modes of the impacted specimen can be obtained using a non-destructive technique such as Scanning Electron Magnetic (SEM) and X-ray. The difference in thickness and the mechanical properties for both types of GFRP do affect the impact characterization and the damaged area of the specimens tested. It can be concluded that GFRP type E-800 is higher in strength compared to GFRP type C-600.
